Light chain proximal tubulopathy is a rarely reported entity associated with plasma cell dyscrasia that classically manifests as acquired Fanconi syndrome and is characterized by the presence of κ-restricted crystals in the proximal tubular cytoplasm. We herein present a case of multiple myeloma with Fanconi syndrome and acute kidney injury due to light chain proximal tubulopathy with light chain cast nephropathy. Prominent phagolysosomes and numerous irregularly shaped inclusions with a fibrillary matrix in the cytoplasm of the proximal tubules were identified on electron microscopy. A monotypic light chain of the λ type was detected in the distal tubular casts, proximal tubular cytoplasmic lysosomes and fibrillary inclusions on immunofluorescence and immune electron microscopy. This case underscores the importance of conducting careful ultrastructural investigations and immunocytologic examinations of light chains for detecting and diagnosing light chain proximal tubulopathy.
Introduction
Renal diseases associated with plasma cell dyscrasia (PCD) most frequently include light chain cast nephropathy (LCCN), amyloidosis and monoclonal immunoglobulin deposition disease (1) . Light chain proximal tubulopathy (LCPT) is a rarely reported entity that classically manifests as acquired Fanconi syndrome and is characterized by the presence of κ-restricted crystals or phagolysosomes in the proximal tubular epithelia (2) . We herein report an unusual case of acquired Fanconi syndrome and acute kidney injury due to combined LCCN and LCPT in which the patient had cytoplasmic fibrillary inclusions of λ light chain restriction in the proximal tubular epithelia.
Case Report
A 68-year-old man was admitted to our hospital for proteinuria and acute kidney injury. The patient's past medical history and family history showed no previous kidney disease. A urinalysis revealed severe generalized aminoaciduria, proteinuria and glycosuria. The level of urinary protein excretion was 3.96 g/day (urine volume, 1,850 mL), 93% of which comprised low-molecular-weight protein. The level of urine α1 microglobulin was 166 mg/L (reference range: 0-12 mg/L) and the level of urine N-acetyl-β-Dglucosaminidase (NAG) was 93 U/L (reference range: 0-21 U/L). The urinary potassium level was 22 mmol/L, while the serum potassium level was 3.3 mmol/L. The serum glucose level was 82.8 mg/dL (reference range: 70-110 mg/dL). The serum phosphate and serum uric acid levels were decreased at 2.78 mg/dL (reference range: 2.9-5.0 mg/dL) and 2.25 mg/dL (reference range: 2.5-7.0 mg/dL), respectively, with a creatinine level of 1.8 mg/dL (reference range: 0.5-1.5 mg/dL). Serum and urine immunofixation electrophoresis revealed monoclonal λ free light chains. A bone marrow aspiration smear showed that 59% of the cells were naive plasma cells. The bone marrow tissue contained only a few plasma cells, with a predominant λ type on immunohistochemistry. An X-ray examination detected numerous lytic lesions in the calvarium. Multiple myeloma (free λ light chain type) was diagnosed.
A renal biopsy showed no significant changes in the glomeruli on light microscopy. The proximal tubular epithelia displayed diffusely degenerative changes, including strongly eosinophilic cytoplasm (Fig. 1A) . The distal tubules contained several casts with a fractured appearance surrounded by mononuclear cells (Fig. 1B) . The interstitium demonstrated mild infiltration of lymphocytes and monocytes with focal tubular atrophy and interstitial fibrosis. Immunohistochemistry for light chains demonstrated positive staining for λ light chains in the tubular cytoplasm (Fig. 1C) and casts (Fig. 1E) , while staining for κ light chains was essentially negative (Fig. 1F) . Positive staining for λ light chains in the tubular casts with weak staining in the cytoplasm of the tubular epithelial cells was identified on direct immunofluorescence (IF) of frozen sections, while staining for κ light chains was essentially negative. IF of deparaffinized, protease-treated renal tissue sections revealed strong positive staining of λ light chain restriction in both the casts and tubular cytoplasm (Fig. 1D) .
Electron microscopy showed prominent phagolysosomes ( Fig. 2A) and numerous irregularly shaped inclusions in the cytoplasm of the proximal tubules. The inclusions consisted of a fibrillary structure without crystals (Fig. 2B) . On immu- nogold labeling, the lysosomal content and tubular casts were strongly labeled with λ light chain restriction (Fig. 2C) , while the inclusions with a fibrillary matrix exhibited lesser labeling for λ light chains (Fig. 2D) . Labeling for κ light chains was negative. Hence, LCPT coexisting with LCCN of λ light chain restriction was diagnosed.
Clinical follow-up: The patient was treated with bortezomib and dexamethasone (BD) in addition to thalidomide. After the second cycle of therapy (two months after the renal biopsy), monoclonal proteins were negative in the serum and urine when analyzed using immunofixation electrophoresis. The serum free light chain value was not available due to the lack of free light chain testing at our institute. One year after the renal biopsy, the patient's serum creatinine level was stable at 1.3 mg/dL. Tests for urine protein and urine glucose were negative. The levels of serum uric acid and serum phosphate were normal.
Discussion
We herein presented the case of a patient with multiple myeloma who developed Fanconi syndrome and acute kidney injury. A renal biopsy showed acute tubular injury with the coexistence of LCCN and LCPT confirmed by the identification of the localization of λ light chain restriction in phagolysosomes and cytoplasmic fibrillary inclusions using the immunogold labeling method.
LCPT is a rarely reported entity that usually manifests as acquired Fanconi syndrome. It has been demonstrated that pathologic light chains exhibit resistance to proteolysis by the tubular lysosomal enzymes pepsin and cathepsin B and accumulate within lysosomes where they undergo degradation (3). Reported cases of LCPT mostly involved κ light chain restriction with cytoplasmic crystals, whereas LCPT of the λ type is rarely described and remains underdiagnosed (4) . There are few studies of cases of LCPT without crystal formation, except for Larsen et al., who reported the largest case series of LCPT. In that study, there were 13 cases of LCPT, only three of which involved tubular cytoplasmic crystals. Meanwhile, the majority of cases were characterized by the presence of prominent phagolysosomes or irregularly shaped inclusions in the cytoplasm of the proximal tubules, 10 of which involved λ light chain restriction (4). Recently, Taneda Performing careful ultrastructural examinations of the tubular epithelia using electron microscopy is essential for diagnosing LCPT. In the present case, tubular cytoplasmic lysosomes and fibrillary inclusions were identified on ultrastructural observation and labeled with λ light chain restriction using immune electron microscopy. In our opinion, as a result of the transformed structure of the light chains due to incomplete proteolysis by the lysosomal enzymes, the density of labeling of the fibrillary inclusions was lesser than that of the phagolysosomes.
Renal involvement of the PCD usually presents as one pattern of renal pathology, although the occurrence of two or more patterns in the same patient has also been previously described. Patients presenting with both typical myeloma cast nephropathy and full-blown Fanconi syndrome with crystals in the proximal tubule cells have been previously reported in the setting of high-mass myeloma (2) . It has been postulated that the overproduction of light chains exceeds the endocytotic capacity of the proximal tubules and that light chains are delivered to the distal tubules where they interact with Tamm-Horsfall proteins and form casts. In our case, the patient had high-mass myeloma; however, λ light chains were involved, which is quite different from that observed in the cases reported by Messiaen and associates (2) . This is an unusual case involving the coexistence of LCCN and LCPT in which the patient manifested acquired Fanconi syndrome characterized by the presence of λ-restricted fibrillary inclusions in the proximal tubular cytoplasm. Ultrastructural investigations and immune electron microscopy are thus considered to be special sensitive methods for detecting and diagnosing LCPT.
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